scribed recently [8] ; riboflavin synthase can convert that compound into riboflavin and the pyrimidine derivative 7 (forward reaction) as well as into 6,7-dimethyl-8-ribityllumazine (backward reaction).
Binding of a Substrate Analog Inhibitor to the ␤ Barrel Domains
We cocrystallized riboflavin synthase from S. pombe with a derivative of substrate 1, 6-carboxyethyl-7-oxo-8-ribityllumazine (8) . This tightly bound inhibitor molecule is well defined in its electron density map at 2.1 Å resolution and clearly indicates the location of the two substrate binding sites of each ␤ barrel domain ( Figure  5 ). By comparison of the two barrel domains, the posi- (Table 1) . toward the O2 and O4 carbonyl groups of the ligand Correspondingly, the two ligand molecules were well lumazine ring at distances of 2.7 Å and 2.9 Å , respecdefined in the final electron density maps (Figure 5) , tively. In addition, the side chain oxygen atom of Thr50 indicating clearly the proposed active site arrangements is involved in a hydrogen-bonding interaction with the and allowing insights into the reaction mechanism of imido group N5 of the ring system. The carbonyl oxygen riboflavin biosynthesis.
of Gly62 is strongly hydrogen bonded to the N3-imide hydrogen atom of the CEOL inhibitor at a distance of 2.7 Å . The side chain oxygen ␥-O of Ser67 is involved in Structural Overview Riboflavin synthases from E. coli and B. subtilis are both an additional hydrophilic interaction to the O2 carbonyl group and further in a hydrogen bond interaction to homotrimers in solution as shown by hydrodynamic studies [ amino acids in direct contact with the bound ligand are molecules are bound in different environments. Recent NMR experiments with the S. pombe enzyme gave simiidentical or very similar in the E. coli enzyme (Figure 7) . Therefore, the lumazine analog could be modeled easily lar results (our unpublished data). We conclude that the asymmetry observed with the unliganded E. coli from the S. pombe structure to all six binding sites of the E. coli enzyme ( Figure 4C The stereochemistry of the pentacyclic intermediates has not been determined hitherto. It appears plausible trifluoromethyl groups of enzyme-bound ligands, which were best explained by the hypothesis that the ligand that the dimerization of 6,7-dimethyl-8-ribityllumazine should result in syn linkage of the ring systems of donor the N-terminal domain is the four-carbon acceptor and the substrate bound to the C-terminal domain is the molecule 1a and receptor molecule 1b (Figure 1) . Of the two diastereomers (6*R;7*S) and (6*S;7*R), only (6*R;7*S) four-carbon donor. With this in mind, the thiolate group of cysteine 48 ( Figure 3E ) fits into the cavity formed at the interface of the N-and C-terminal domains of subunits A and C of may act as a base which abstracts a proton from the 6␣-methylene group in the hypothetical reaction interthe E. coli enzyme.
The result of a dynamics simulation described in Exmediate 4 and/or 5. However, it should be noted that the catalytic activity of the enzyme is only reduced 6-fold perimental Procedures is shown in Figure 9C and B factor refinement and two rounds of simulated annealing two adjacent S. pombe riboflavin synthase monomers. This active dimer was generated by superposition of S. pombe riboflavin synwater molecules were incorporated automatically into the S. pombe riboflavin synthase model at 2.1 Å resolution. The progress of all thase monomers on the crystal structure of the E. coli trimer (1I8D). Correct atom types, stereocenters, hybridization states, and bond refinement procedures was monitored by using 10% of the reflections to calculate a free R value (R free ). A geometry check using types were defined, and Gasteiger-Hü ckel charges were assigned to each atom. A spherical subset of 8 Å radius around compound the program PROCHECK [42] revealed that 86.0% and 14.0% of all nonglycine residues lie within the most favored and additionally al-4 was defined and energy minimized using the Powell method and the Tripos force field. The remaining protein was treated as rigid lowed regions of the Ramachandran plot, respectively (Table 1) [43] . body during energy minimization. 
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